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Xn+1 = (a × Xn + b) mod m, (1)
p mod q p q
a, b,m




Mersenne Twister (5, 6)
219937 − 1 ≈ 106002, (2)






















Wα→β = 1. (4)
n n+ 1
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2 {pα(0)}
{πα}




(ii)’ 2 α, γ































Gα→βAα→β (α  β),






πβAβ→α = παAα→β, (11)
πα > πβ
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Vi j(Si,S j), (15)
Si
SPS
Pi j Ṽi j 1 − Pi j V̄i j
Pi j
Pi j(Si,S j) = exp[β(ΔVi j(Si, S j) − ΔV∗i j)], (16)
β ≡ 1/kBT
ΔVi j(Si,S j) ≡ Vi j(Si, S j) − Ṽi j(Si, S j), (17)
ΔV∗i j ΔVi j(Si,S j)
Ṽi j
V̄i j Pi j








Ṽi j(Si,S j) +
∑′′




























0 Vi j Ṽi j ,
1 Vi j V̄i j .
(20)
ωi j(Si,S j; gi j)
≡
⎧⎪⎪⎪⎨⎪⎪⎪⎩
e−β{Ṽi j(Si ,S j)+ΔV
∗
i j} (gi j = 0),







PSPS({Si}, {gi j}) ≡ Z−1SPS
∏
i< j
ωi j(Si,S j; gi j), (22)
ZSPS ≡ Tr{Si},{gi j}
∏
i< j
ωi j(Si,S j; gi j). (23)





WA({gi j} → {g′i j}|{Si}) (B)
WB({Si} → {S′i }|{gi j})
(53)
PSPS({Si}, {gi j})WA({gi j} → {g′i j}|{Si})
= PSPS({Si}, {g′i j})WA({g′i j} → {gi j}|{Si}), (24)
PSPS({Si}, {gi j})WB({Si} → {S′i }|{gi j})
= PSPS({S′i }, {gi j})WB({S′i } → {Si}|{gi j}). (25)
SPS (22)
SPS (22)
(16) (17) (18) (21)
ωi j(Si,S j; gi j)






ωi j(Si,S j; gi j). (27)
(26) SPS {Si}
P({Si}) = Tr{gi j}PSPS({Si}, {gi j}) = PB({Si}),
(28)
PB






















1) (27) Ṽi j
Fourtuin-Kasteleyn












H = − J
∑





Si · S j
r3i j





ri j i j


















0.33 J J T < TSRT
T > TSRT Fdiff ≡ F − Fmin
Fmin ≡ min(m⊥ ,m‖) F(m⊥,m‖) Fdiff ≤ T
25
L = 256 L 1
1 2562 − 1 = 65, 535
(57)





T > TSRT TSRT
(m⊥,m‖) ≈ (0, 0.6) T < TSRT
(m⊥,m‖) ≈ (0.75, 0.15)
10.
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